Culture medium. B. fulva was grown on a medium consisting of 100 g of shredded wheat and 200 ml of nutrient solution per 2.8-liter Fernbach flask as previously described (7) . Flasks were stoppered with cotton plugs, foil covered, and autoclaved for 15 min at 121 C, twice within 24 h. The medium was inoculated with conidia from a 7-dayold culture of B. fulva. Incubation was at 25 C and 95 to 100% relative humidity as stationary cultures for 2 weeks.
Preparation of crude extract. The culture in each flask was extracted with a total of 500 ml of chloroform-ethanol (4:1). Approximately 150 to 175 ml of solvent was added to each flask through a funnel without removing the cotton plug and heated on a steam bath for 2 to 3 min. The contents of the flask were transferred to a Waring blender, and an additional 75 to 100 ml of solvent was added and blended for 1 min. The extracts were filtered through Whatman no. 2 filter paper. The residue was reblended with 250 ml of solvent and refiltered, and the filtrates were combined. Extracts were filtered again through Whatman no. 42 filter paper to remove any remaining residue.
Extraction and isolation of the metabolite. The chloroform-ethanol extract was evaporated to dryness at room temperature overnight under an air stream, and the residue was redissolved in approximately 25 (ii) Chicken embryo bioassay. Crude extract in chloroform-ethanol (4:1) was assayed by adding 2 ml of peanut oil to 25 ml of the extract in 50-ml Erlenmeyer flasks. Purified compound was assayed by adding 2 ml of peanut oil to 25-and 50-mg samples in 50-ml flasks. Flasks were stoppered with cotton and covered with cheesecloth secured with a rubber band. Flasks were gently heated on a steam bath to vaporize the chloroform-ethanol and sterilize the solution and were later placed in a vacuum oven overnight at 50 C to remove the residual solvent. The crude extract and purified compound were bioassayed using a modified chicken embryo test as previously described (7) . Data were taken as the percentage of mortality at 2, 4, and 8 days after injection.
(iii) Rat intraperitoneal bioassay. The compound was bioassayed using a procedure previously reported (7). The test product was placed under an air stream and evaporated to dryness, and 3 ml of Me2SO was added to the 125-ml Erlenmeyer flask. Charles River (CD), 21-day-old weanling rats were given water but no food for 24 h prior to treatment. Five rats were swabbed on the abdomen with iodine solution and injected with 0.5 ml of an approximately 40-mg compound Me2SO solution. Following injection rats were given food and water ad libitum. Rats were marked and weighed before injection and again before autopsy. Observations were made for several hours after injection and daily during the duration of the experiment. The procedure was repeated using 5, 20, and 40 mg of the compound per ml of Me2SO. The previously described procedures were used, and weight gain relative to the control treatment was calculated for each group. Me2SO controls consisting of extracts of uninoculated medium were bioassayed in the same manner.
(iv) Microbiological bioassay. Organisms tested included the bacteria Streptococcus pyogenes, Staphylococcus aureus (strain 80), Bacillus subtilis, Bacillus cereus mycoides, Neisseria sicca, Escherichia coli, Salmonella typhosa, Klebsiella pneumoniae (NWQL 33-300), Pasteurella multicolor, the yeast Saccharomyces cerevisiae ellipsoides, and the actinomycete Nocardia sp. Incubation temperature was 25 to 28 C. The method used was essentially that of Broce et al. (2) .
Filter-paper disks (6 mm in diameter) were sterilized by autoclaving for 30 min at 121 C. Dilutions were made of suspensions of bacterial cells, and 0.1 ml of the suspension was transferred to each of three petri dishes containing either tryptose or blood agar. The microorganisms were then distributed uniformly over the surface of the plate using a glass rod and a rotating motion. The filter disks were soaked overnight in methanol solutions containing 1 and 0.1 mg of the compound per ml. Blank filterpaper disks were soaked overnight in methanol for use as controls. Disks were air-dried and placed on the agar surface aseptically, and the plates were incubated at 25 to 28 C for 24 to 48 h. Bacterial and fungal inhibition zones were measured and recorded.
(v) Pea seedling bioassay. The purified compound was tested for inhibition against a dwarf variety of Little Dwarf Marvel peas (Pisum sativum), using the method of Burmeister and Hesseltine (4). Seeds were soaked overnight in 50-ml aqueous solutions containing 10 ,ug and 0.1, 1, and 10 mg of the compound per 40 ml of water. Ten peas were soaked in water overnight as controls for each treatment. Seeds were placed in vermiculite contained in a pan (50 by 35 by 8 cm). Germination was recorded after 4 days, and plant height, root length, and fresh weight were determined after 2 weeks of growth.
Analyses. (i) Chromatography. Three solvent systems were used to determine the Rf values of the new metabolite: toluene-ethyl acetate-90% formic acid (5:4:1, vol/vol/vol); chloroform-acetone (85:15); and methanol-chloroform (60:40). A 5-,ul sample in ethanol was spotted on a thin-layer chromatography plate as previously described, developed in the respective solvent systems, dried, and examined under long-and short-wave UV light.
(ii) Spot tests and spray reagents. Spot tests and spray reagents referred to below are as detailed by Krebs et al. (13) and Fiegl and Anger (8) .
(iii) Melting point determinations. An electrothermal melting-point apparatus (Electrothermal Engineering Ltd., London) was used to determine corrected temperatures for signs of first change, melting, and decomposition.
(iv) Optical rotation. Determinations were carried out using a 1% solution in methanol with a Steeg and Reuter SR5 polarimeter.
(v) Percentage of nitrogen by Kjeldahl method. Nitrogen content of the compound was determined in our laboratory using a semimicro Kjeldahl method and also by Galbraith Laboratories, Inc., Knoxville, Tenn.
(vi) UV and visible absorbance. Initial UV-visible spectra were made using a Beckman DK-2 spectrophotometer. The UV and visible absorbancies were determined on methanol solutions (5 x 10-6 M concentration at 356, 285, and 247 nm, and 5 x 10-4 M concentration at 472 nm) using a Perkin-Elmer (Coleman 139) spectrophotometer. Molar extinction coefficients were calculated for each wavelength. 
RESULTS
Biological assays. Toxicity of the crude extract and purified byssotoxin A to brine shrimp is shown in Table 1 . The crude extract caused 90 to 100% mortality in 1 h. Byssotoxin A toxicity ranged from 0 to 15% in 1 h to 30 to 40% in 4 h. The possibility of the toxicity of the crude extract being due to fatty acids occurring at the same Rf value was removed by purification of the toxin by crystallization from methanol. Table 2 shows the toxicities of byssotoxin A and the crude extract to chicken embryos. Crude extract toxicity ranged from 80 to 100% by day 8. Byssotoxin A caused 20% mortality in 25-mg doses and 20 to 40% mortality in 50-mg doses in 8 days.
In one series of experiments rats were injected with pure byssotoxin A and crude byssotoxin in amounts varying from 2.5 to more than 30 mg per dose dissolved in Me2SO. Crude extracts killed four of five rats within 3 days at the higher doses. Byssotoxin A killed two of five rats. Me2SO controls did not kill any of the rats, nor did 2.5 mg or less of toxin per rat.
The effect of various concentrations of byssotoxin A on weight gains of Charles River (CD) rats is presented in Table 3 . The weight gains for the rats ranged from 56 to 96% of the control for the 20 Byssotoxin A gave negative results for ninhydrin and biuret tests both before and after hydrolysis with 6 N HCl. Ferric chloride and indole tests were also negative. The compound completely dissolved in 5% NaOH on heating to give a pale green color, but was not soluble in hot or cold 5% NaHCO3. The compound was negative to Dragendorff reagent, p-aminobenzaldehyde, and Ehrlich reagent. A weak or mixed reaction occurred with iodoplatinate, phenol reagent, and phosphomolybdic acid. A strong blue-purple color was obtained in response to concentrated H2SO4 and all reagents containing the concentrated acid. A negative test was obtained for primary and tertiary amines. Results were positive for aliphatic secondary amines. Attempts to reduce byssotoxin A using sodium hydrosulfite were unsuccessful.
Physical and chemical properties. Bioassay data on brine shrimp, chicken embryos, and rats indicated that byssotoxin A was not extremely toxic, nor was it solely responsible for the toxic effects. Crude extracts were more toxic than the highest dose of pure toxin. Several other metabolites exhibited low levels of toxicity, an observation previously suggested by Chu (5) . Thus Byssochlamys appears to produce a variety of mycotoxins, some of which are only slightly toxic, some of low to intermediate toxicity (i.e., byssotoxin A), and some of relatively high toxicity (i.e., byssochlamic acid). Apparently, not all of these toxins are produced at the same stage of growth or to the same degree on any one substrate. This phenomenon is probably not uncommon among the fungi and may even be the rule rather than the exception. Several fungi have been bioassayed in our laboratory, in which the crude extract was toxic to brine shrimp and chicken embryos, but on further examination no single potent toxin could be isolated. Typically, toxicity of the extract diminished steadily on fractionation and partition into its component parts to a greater degree than could be explained as due to loss of material during purification procedures.
The structure of byssotoxin A was not determined. Chemical analyses and infrared and UV spectra indicated that it is neither an indole nor an alkaloid. A positive test was obtained for a secondary amine, but tests were negative for primary and tertiary amines, amino acids, and amides. A nitrosamine could not be ruled out. In fact, fragmentation analysis indicated that the compound breaks up in the mass spectrometer, losing an N2O fragment. This is a characteristic of various compounds, including nitrosamines. Fragmentation analysis also in- 
